-Gutiérrez J M and de Pedro-Cuesta J. Differential features of motor neuron disease mortality in Spain. International Journal of Epidemiology 1997; 26: 1024-1032. Background. The objective of this study was to describe the temporal and spatial patterns of motor neuron disease (MND) in Spain. Methods. We studied data where MND was stated as the principal cause of death in official statistics from Spain. Time trends were analysed for age-, sex-specific and age-adjusted rates for the period . Age-adjusted mortality and relative risk, obtained by Poisson regression adjusting for age, were calculated for each province from deaths during the period 1975-1988. Maps were constructed using log transformed rates. Statistical significance of spatial aggregation was assessed using the Ohno et al. test. Results. The 1951-1990 mortality rate, age-and sex-adjusted to the European population, for the population aged у40 years was 1.49 per 100 000; 1.90 and 1.21 for males and females respectively. In general, mortality increased with age. Age-adjusted rates rose until 1960, dropped by 70% during the 1960s and declined slightly over the 1951-1990 period as a whole. From 1970 onwards MND mortality rose evenly, particularly in the 60-69 age group. A North-South gradient was suggested for both sexes with statistically significant clustering in the Northern coastal regions and-for males alone-in the Midwest provinces. Conclusions. Mortality from MND in Spain displayed a magnitude and recently rising temporal trend similar to that described in several other countries. Specific traits were: a decrease during the 1960s, which has been described for Japan only, as well as spatial heterogeneity and a predominant recent increase among the 60-69 age group. The determinants of these unusual MND mortality patterns are unknown.
In spite of the variable quality of death records as evidenced by validation studies, [1] [2] [3] [4] mortality statistics have been deemed appropriate for analysis of the geographic and temporal patterns of motor neuron disease (MND) distribution in the industrial world. [2] [3] [4] With regard to spatial distribution and temporal trends during different periods, national MND mortality patterns have been reported for England & Wales, [5] [6] [7] [8] [9] Australia, 9 New Zealand, 9 South Africa, 9 Finland, 10, 11 France, 12 Japan, [13] [14] [15] Scotland, 16, 17 Sweden, 18, 19 USA [20] [21] [22] [23] and Norway. [24] [25] [26] Time trends in mortality for MND have also been studied in Italy 27 and Ireland. 6 The considerable variation in age-adjusted MND mortality, when age-and sex-specific figures were reported in these studies, can be seen in Table 1 .
The purpose of this study was to describe MND mortality time trends and spatial distribution in Spain.
METHODS

Spanish Vital Statistics
The annual number of deaths from MND (as the underlying cause) for males and females of different age groups in Spain have been reported from 1951 onwards by the National Institute of Statistics (NIS). 28 However, similar data have only been available for the provinces since 1975. Geographical analysis of MND mortality in Spain at levels below that of the province is severely limited due to the fact that, in order to preserve confidentiality, residence at death is only provided for individuals in terms of municipalities of more than 10 000 inhabitants. Another limitation of the NIS cause-ofdeath data is that information is not available for contributory causes of death, i.e. those usually listed in Part II of the death record. The Revisions and codes of the International Classification of Diseases in use in Spain and on which counts were based during the different periods were: ICD -6 356 for 1951-1960, ICD-7  356 for 1961-1967, ICD-8 348 for 1968-1979 and ICD-9 335.2 for 1980-1990. We obtained information on annual deaths from causes coded as specified above during the period . Annual deaths coded as ICD-9 335.2 made up the vast majority of deaths in the 335 category. For example, for the period 1988-1989, the proportions were 98.2% for deaths at ages у40 years, and 91.8% for deaths at all ages. A request to the NIS about possible changes in coding procedures during the study period was negatively answered. However, coding at regional level was initiated in the late 1980s.
Mortality Rates
We calculated annual age-and sex-specific death rates for MND among individuals aged у40 years during the period in Spain for deaths coded as indicated above, based on figures from the NIS and population data furnished by the Spanish Ministry of Health. Ageand sex-specific mortalities for each province were calculated for the period 1975-1988. National and provincial death rates were adjusted by age for each sex, using as standard the European population aged у40 years.
Temporal Trends
Since age-specific mortality data were available from 1951 onwards, we described time trends in the age-, sex-specific and age-adjusted rates for the period 1951-1990.
Geographical Pattern
Age-adjusted mortalities, using the European population as standard, and relative risks, obtained by Poisson regression adjusting for age, were calculated for each province. Maps were constructed using a logarithmic transformation of rates, judged to be advantageous for graphical representation of significant differences. 29 Firstly, five mortality categories were generated by ranks of decimal logarithms of age-adjusted mortalities grouped in strata of the same width, one-fifth of the range values for each sex. Maps for provincial MND mortalities in males and females, classified into three categories (low, medium and high) were built after collapsing the three lowest categories into one denoted as low, and keeping unchanged the two highest. Statistical significance of spatial aggregation was assessed using the Ohno et al. test. 30 The geographical patterns were examined visually.
RESULTS
During the period 1951-1990 a total of 7739 deaths were registered for those aged Ͼ39 years where MND had been assigned as the principal cause of death (4245 males and 3494 females). For the population aged Ͼ39 years, crude annual mortality per 100 000 during this period was 1.53 (1.83 for males and 1.28 for females) with the corresponding age-adjusted figure being 1.49 (1.90 and 1.21). Annual age-adjusted MND mortalities during the period 1951-1990 for each sex and the general population are depicted in Figure 1 and detailed triennial, centered, one-step ahead moving averages of age-specific figures for each sex in Figures 2 and 3 . Mortality trends were similar in males and females. In both sexes MND mortality was high and rising during the 1950s, particularly in those aged у70 years. During the period 1955-1970, age-adjusted mortality dropped by 70%. Differences between age groups decreased over the same period. During the period 1971-1990, despite an even decrease in mortality in the у80 age groups, mortality increased due to the contribution from the Ͻ70 age groups. By the end of the entire 1951-1990 period, age-adjusted mortality had reached levels close to those displayed at the beginning of the period and differences in magnitude between age groups were minimal. New ICD versions did not substantially affect the trend. Sex-specific, crude, and age-adjusted mortalities as well as relative risks of MND mortality in Spanish provinces during the period 1975-1988 are shown ranked according to age-adjusted figures in Tables 2 and 3 , for males and females respectively. Age-adjusted provincial mortality per 100 000 ranges from 0.70 in Teruel to 3.16 in Cantabria for males and from 0.00 in Soria to 2.21 in Guipuzcoa for females. The rates for males were more spread and their distribution less skewed than those for females, so that two-thirds of the rates in females were classified in the medium-high and high strata of the rates logarithms.
With regard to geographical distribution, the maps for males and females are depicted in Figure 4 . A large proportion of provinces exhibit MND mortality figures in the medium range stratum. Taking into account this difference between the sexes, a similar geographical pattern is suggested for males and females, with a North-South gradient and shared structural traits exhibited by provinces with medium and high rates in both sexes. While spatial clustering reached statistical significance for each sex, P = 0.0383 in males and P = 0.0008 in females, an aggregated pattern was more clearly perceived in females, located in the CentralNorth region. For males, the provinces with medium and high figures were more dispersed and mainly located in two geographically defined areas: the Northern coastal and mountainous fringe and the Midwest region.
DISCUSSION
This study shows that MND mortality in Spain during the period 1951-1990: (i) ranked at medium levels; (ii) presented particular temporal changes, i.e. downward trends during the period 1955-1970 and upward trends during the 1970s and 1980s mainly due to increases in mortality among the 60-69 age group; and (iii) displayed an uneven geographical distribution. The MND mortality patterns in Spain differ in several aspects from those described for similar periods in other countries. However, the interpretation of MND mortality statistics can be problematic due to wellknown sources of error which may vary with time and place: misdiagnosis, reporting selection and changes The validity of MND diagnoses from death records in Spain is unknown. Hospital diagnoses of neurological diseases in Valencia in 1984 were found to be acceptable; sensitivity 75.0%, but not confirmed, positive predictive value of positive test 46.2%, for causes declared as the underlying cause of death.
33, 34 In a study into brain tumour mortality, changes in classification were, inter alia, attributed to modifications in the practices of coding and drawing up mortality statistics which occurred during the 1980s, when responsibility for cause-ofdeath statistics was transferred from the central authority to autonomous regions. 35, 36 While some similar sources of bias may have affected MND, the excellent fit of reported MND incidence in Cantabria for the period 1974-1985 37 and our results for mortality in that province for the period 1975-1988 ( Figure 5 ) would support the assertion that MND mortality accurately reflects incidence of MND as seen from medical records in Spain.
A comparative review of the magnitude of MND mortality in Spain proves problematic owing to methodological variations and different observation periods in reported studies. Taking into account the selected observations from Table 1 , this mortality, whether for males or females, appears to be in the range of that found in Mediterranean countries, such as Italy and France, and lower than that observed in Scandinavian countries, the USA and England and Wales.
With regard to time trends, compared to data for other countries depicted in Figure 6 , the Spanish pattern presents particular though not novel characteristics. The rising mortality during the period 1951-1957 constitutes an isolated finding, solely consistent with upward trends reported in Japan. 13, 14 The decline, mainly during the early 1960s, is consistent with reported decreases in Japan and Italy [13] [14] [15] and perhaps too with sparse data from Finland 10 and England and Wales, 7 but it differs from slight increases or stable data observed for most of the decade in Sweden, 18 England and Wales 7, 8 and the USA. 20 The rise in age-adjusted MND mortality described for the 1970s and 1980s is similar to that described in all countries studied but differs in detail. In Spain it is due to an increase in the rates for the 60-69 year old age groups but in other countries was mainly seen among those aged у70 years, 6, 7, 9, 12, 14, 17, 18, 20, 27 except in Ireland where the increase affected all age groups, particularly young adults and the elderly. 6 Table 2 and log 10 figures from Tables 2 and 3 From the above we conclude that, worldwide: (a) information on MND mortality trends is sparse, particularly before 1965; and (b) while subsequent rising trends have been clearly and systematically observed, a decline during the 1960s in some countries cannot be excluded. The increase up to 1960 and a decrease thereafter described in Japan was attributed to improvements in diagnosis followed by a fall-off in incidence of unknown cause 13, 15 and, recently, to radioactive fallout from atmospheric weapons testing. 38 Speculative explanations that could be suggested for the high mortality in the 1950s and 1960s in Spain are misclassification of post-polio syndrome up to the early 1970s or the widespread use of organochlorine insecticides in the early 1950s. 39, 40 The absence of rising trends in the late 1980s among the very elderly is difficult to reconcile with improvement in access to qualified neurological diagnosis alone. Hence increasing MND incidences should also be considered. We thus propose that three different phenomena underlie the two major time trend traits in Spain: (i) a 'washing-out' of misclassified individuals or an epidemic affecting cohorts born in the 1870s, which might explain the increase during the 1950s and the decrease during the 1960s; (ii) increasing incidence of MND in cohorts born circa 1930 still not affecting the elderly members; and (iii) undeniable improvements in MND diagnosis.
FIGURE 4 Geographical distribution of motor neuron disease mortality among males and females, during the period 1975-1988 in Spanish provinces. Identification numbers from
The presence of a nationwide North-South gradient in Spanish MND mortality, while difficult to interpret, is in line with proposals 41, 42 suggesting that the spatial distribution of MND may not be as uniform as previously believed. 20 In European countries, geographical gradients have never been observed apart from in Scotland for 1968-1977. 16 In the USA, counties with higher rates were located west of the Mississippi. 43 In addition, spatially clustered geographical areas with higher MND mortality were suggested as being present in: southwest Japan; 13, 15 south-coastal England and Wales; 16, 17 central-southern counties in Finland 10,11 and central counties in Sweden. 18 In the latter, an epidemic-like incidence of a disorder, certified at death as MND in men, has been reported. 44, 45 While: (i) spatial clustering of MND has been found to be incidental [46] [47] [48] [49] and difficult to recognize; 50 and (ii) spatial aggregation for males and females might be restricted to Northern Spain, the existence of a sex-differential, male-only spatial cluster of MND in Midwestern Spain cannot be ruled out. FIGURE 5 Comparative view of motor neuron disease incidence (reported) and mortality in Cantabria during the periods 1974-1985 and 1975-1988 To summarize, MND mortality in Spain during the period 1951-1990 was low overall yet higher in males, exhibited a shift to decreasing trends in the 1960s and rising mortalities thereafter, particularly in the 60-79 age group, and was characterized by an overall NorthSouth geographical gradient. The determinants of these unusual temporal trends and spatial patterns are unknown.
